This section provides the following. (i) Figures S1 and S2 that supplement the introduction of the paper by summarizing the major pathways of glucose and fatty acid metabolism in rat adipocytes (see these Figure legends for references [1] [2] [3] ). (ii) A set of calculations of the rates of glucose-related metabolic processes in adipocytes were developed. (iii) Those calculations were applied to data from the 1972 paper of Saggerson [4] that showed the effects of a range of concentrations of palmitate and adrenaline on adipocyte glucose metabolism. This treatment allowed some further interpretations of the data of [4] that is relevant to the discussion section of the paper. It also provided the basis for comparisons of the effects of palmitate and adrenaline on adipocyte glucose metabolism.
INTRODUCTION
This section provides the following. (i) Figures S1 and S2 that supplement the introduction of the paper by summarizing the major pathways of glucose and fatty acid metabolism in rat adipocytes (see these Figure legends for references [1] [2] [3] ). (ii) A set of calculations of the rates of glucose-related metabolic processes in adipocytes were developed. (iii) Those calculations were applied to data from the 1972 paper of Saggerson [4] that showed the effects of a range of concentrations of palmitate and adrenaline on adipocyte glucose metabolism. This treatment allowed some further interpretations of the data of [4] that is relevant to the discussion section of the paper. It also provided the basis for comparisons of the effects of palmitate and adrenaline on adipocyte glucose metabolism.
METABOLIC FLUX CALCULATIONS
Definitions FA, GG, L, P and TCA (trichloroacetic acid) indicate the number of μg atoms of glucose carbon converted to fatty acid, glyceride glycerol, lactate, pyruvate and TCA cycle CO 2 respectively.
Method 1: an empirical calculation of the rate of glucose utilization
Studies by [4] reported rates of conversion of glucose into FA + GG + L + P by rat adipocytes without providing any measurements of CO 2 formation. Therefore an empirical method was devised that allowed CO 2 formation to be calculated from those data thereby allowing calculation of the overall rate of glucose utilization which (see Figure S1 ) approximates to:
Glucose utilization = FA + GG + L + P + CO 2 (1.1) 1 To whom correspondence should be addressed (email d.saggerson@ucl.ac.uk).
This is where:
CO 2 = PPP CO 2 + PDH CO 2 + TCA cycle CO 2 (1.2) To develop this method, we used the raw experimental data from studies by Saggerson and Greenbaum [5, 6] , who incubated pieces of rat epididymal adipose tissue and measured PPP (pentose phosphate pathway) CO 2 , PDH CO 2 and TCA cycle CO 2 as well as total glucose utilization and formation of FA, GG, L and P (all expressed relative to g of wet weight of tissue). Figure S3 shows that a plot of PPP CO 2 against FA is linear with a gradient of 0.26 and an intercept of 1.83 on the PPP CO 2 axis. Therefore PPP CO 2 formation was calculated as:
PPP CO 2 = (0.26FA) + 1.83 (1.3)
A similar linear relationship between PPP CO 2 and FA can be deduced for adipocytes from the data of [7] . Also, using data for adipocytes incubated with insulin and either 2.5 or 5 mM glucose (raw data from [8] and unpublished results) a linear plot similar to Figure S3 has a gradient of 0.265 (n = 14, r = 0.992). For epididymal fat pieces or adipocytes, the formation of TCA cycle CO 2 from glucose is low unless NEFA (non-esterified fatty acids) is added to the incubations or is generated in situ in response to a lipolytic agent. In those instances, esterification or re-esterification of NEFA leads to a large increase in GG formation from glucose together with a large increase in TCA cycle activity to fuel the provision of the ATP for NEFA esterification and re-esterification. When a spread of values is obtained in this way Figure S4 shows that a plot of TCA cycle CO 2 against GG is linear with a gradient of 0.61 and a positive intercept of 2.92 on the GG axis. Therefore TCA cycle CO 2 formation was calculated as:
On the basis that acetyl-CoA derived from glucose by adipocytes is only used for the formation of FA and TCA cycle CO 2 , the μmol of PDH CO 2 is 50 % of the μg atoms of carbon converted into FA and TCA cycle CO 2 and therefore:
The adipocyte glucose economy Based on the findings of [1] the products of glucose metabolism by rat white adipocytes can be considered to be almost entirely de novo synhesized FA, the glycerol moiety of TAG (GG), CO 2 (from the PPP , PDH and the TCA cycle) and accumulated lactate (L) and pyruvate (P). Synthesis of glycogen makes only a minor contribution to glucose utilization by adipocytes.
Substituting eqn (1.3), (1.4) and (1.5) into (1.2):
The relationship between glucose conversion into pentose phosphate pathway CO 2 and fatty acid formation The data are for rat epididymal adipose tissue pieces and are taken from [5, 6] . Each point is for a separate incubation.
Substituting eqn (1.6) into eqn (1.1):
Glucose utilization = 1.76FA + 1.92GG + L + P − 2.6 (1.7) The value of − 2.6 μg atoms of C per g of wet weight is very small compared with the summation of the other values (see Figure S5 ) and therefore can be ignored. This reduces eqn (1.7) to eqn (1.8), which is not limited solely to use with data expressed per g of wet weight and can be used with data expressed in other Figure S2 The adipocyte fatty acid economy
NEFAs from three sources are precursors of the rat white adipocyte's store of TAG. These NEFAs originate from: (i) the action of lipoprotein lipase in the adipose tissue capillary bed followed by transport of NEFA into the cell; (ii) intracellular de novo synthesis of FA; (iii) re-esterification of some of the NEFA produced in lipolysis with the remainder exiting the cell and being removed by blood flow. To provide glycerol 3-phosphate for NEFA esterification/re-esterification GLUT4 is the predominant transporter of glucose together with some contribution by GLUT1. Influx and efflux of NEFA are envisaged as predominantly being facilitated by CDC 36 and possibly by other NEFA transporters. The arrows indicate the directions of net NEFA fluxes. Under high insulin conditions (e.g. feeding) esterification and re-esterification predominate over lipolysis whereas under low insulin conditions (e.g. fasting and diabetes) lipolysis predominates. The rate of fatty acid β-oxidation makes only a very small contribution to overall NEFA metabolism in white adipocytes [2, 3] . Figure S4 The relationship between glucose conversion to TCA cycle CO 2 and glyceride glycerol formation The data are from the same experiments as in Figure S3 . Each point is for a separate incubation.
Figure S5
The correlation between calculated rates of glucose utilization and directly measured rates The data are from the same experiments as in Figures S3 and S4 . Each point is for a separate incubation. Direct measurement of glucose utilization was as for eqn (1.1). Eqn (1.8) was used to calculate glucose utilization without the use of experimental measurements of CO 2 formation.
ways (e.g. relative to DNA or protein):
Equation (1.8) provides Method 1 for calculation of glucose utilization and is validated by Figure S5 that shows a linear plot of calculated glucose utilization against actual measured glucose utilization (total lipid + total CO 2 + L + P) with a gradient of 1.00 and passing very close to the graph origin. Other similar linear plots provided further validation of the method. These used data for epididymal fat pieces from [1, 9] (gradient = 0.994, n = 5, r = 0.989) and from [10] (gradient = 0.999, n = 4, r = 0.995) as well as for isolated adipocytes from [7] (gradient = 0.983, n = 5, r = 0.981) and from [10] (gradient = 1.009, n = 14, r = 0.995). ATP utilization for GG formation
Summing eqn (2.1) and eqn (2.2), ATP utilization for FA + GG formation is:
ATP formation by substrate level phosphorylations 
ATP formation by oxidative phosphorylation following reoxidation of cytosolic reducing equivalents by the respiratory chain
The following processes result in formation (F) of cytosolic NADH. (i) Glucose → accumulated pyruvate = 0.333P; (ii) Glucose → pyruvate subsequently converted into acetylCoA = 0.5FA + 0.5TCA. The following processes result in utilization (U) of cytosolic NADH: (iii) reduction of dihydroxyacetone phosphate to glycerol 3-phosphate = 0.333GG; (iv) The concerted actions of NAD-and NADP-malate dehyrogenases to provide NADPH for FA synthesis = 0.36FA. Formation of lactate involves no net formation of NADH and is omitted from this calculation. Net cytosolic NADH balance (F − U) is:
Reoxidation of this by the respiratory chain/oxidative phosphorylation yields ATP as:
ATP formation by oxidative phosphorylation following reoxidation of mitochondrial reducing equivalents by the respiratory chain (i) The PDH NADH yield is 0.5FA + 0.5TCA which is equivalent to 1.25×(FA + TCA) ATP; (ii) the TCA cycle yields of NADH and FADH 2 are 1.5TCA and 0.5TCA, respectively yielding (3.75 + 0.75)TCA ATP. Therefore formation of ATP by mitochondrial processes is:
If ATP utilization is matched by ATP formation then eqn (2.3), eqn (2.4), eqn (2.6) and eqn (2.7) can be combined to give:
This allows TCA CO 2 formation to be calculated as:
Since total CO 2 formation = PPP CO 2 + PDH CO 2 + TCA cycle CO 2 (1.2), PPP CO 2 formation = 0.26FA and PDH CO 2 = 0.5×(FA + TCA), total CO 2 formation can be calculated:
Substituting this into eqn (1.1):
Glucose utilization = 1.70FA + 1.59GG + 0.78P + 0.94L (2.11) Eqn (2.11) provides Method 2 for calculation of glucose utilization. Although this method gave an estimate of glucose utilization that was slightly lower than that provided by Method 1 ( Figure  S6 ), these two methods were in close qualitative agreement when they were used to assess percentage effects of pamitate and adrenaline on glucose utilization ( Figure S7 ). This provided assurance that the following expressions can reasonably be based on the Method 2 approach.
TCA cycle CO 2 formation
See eqn (2.9).
Cytosolic NADH balance (F − U)
Substituting eqn (2.9) for the TCA value in eqn (2.5) gives:
Glycolytic and mitochondrial ATP formation ATP formation by glycolytic substrate level phosphorylation is the quantity in eqn (2.4) minus the value (0.5TCA) for TCA cycle substrate level phosphorylation, i.e.:
Glycolytic ATP formation
ATP formation by mitochondrial processes is the difference between ATP utilization shown in eqn (2.3) and the glycolytic ATP formation shown in eqn (2.13). 
Mitochondrial NADH generation by PDH and the TCA cycle
The NADH yield from PDH = 0.5 × (FA + TCA) (2.14)
The yield of NADH from the TCA cycle = 1.5TCA (2.15) Therefore : total mitochondrial generation of NADH = 0.5FA + 2.0TCA (2.16)
Cytosolic usage of NADH
This is via LDH (lactate dehydrogenase), glycerol 3-phosphate dehydrogenase and via NAD-malate dehydrogenase to provide the contribution by NADP-malate dehydrogenase of NADPH for Figure S9 The effect of palmitate concentration on the conversion of glucose to fatty acids The values are derived from the original laboratory data for the following sections of [4] in which adipocytes were incubated for 1 h either with 1 mM glucose (open symbols) or with 5 mM glucose + 0.2 μM insulin (filled symbols). Squares: from Table 3 ; 5 % BSA; sodium palmitate from 0.5 to 4.0 mM; n = 5. Circles: from Figure S3 ; 2.75 % BSA; sodium palmitate from 0.25 to 2.0 mM; n = 5. Triangles: from Table 7 ; 4.5 % BSA; sodium palmitate from 0.25 to 3.0 mM; n = 4. Palmitate:albumin ratios are shown in order to correct for the different BSA concentrations that were used in these three experiments. In the presence of 5 mM glucose and insulin fatty acid synthesis was significantly increased at all palmitate:albumin ratios below 2.0 (P values ranging from <0.025 to <0.0005).
FA synthesis (see above).
Cytosolic NADH usage = 0.333L + 0.333GG + 0.36FA (2.17)
RESULTS

Contents of Figures S8 and S9 and Tables S1 and S2
All of the values shown were derived from the original laboratory data of [4] . The contents of these Figures and Tables are Figure S10 The effects of palmitate and adrenaline on rat adipocyte cytosolic NADH balance and TCA cycle CO 2 formation The values were derived from the original laboratory data of [4] and were calculated using eqn (2.5) and eqn (2.9) for cytosolic NADH balance and TCA cycle activity, respectively. discussed in the main text. Comparison between the present study and the previous study of [4] was judged to be appropriate for the following reasons. Both studies used rats from the same animal colony, used the same procedure for adipocyte isolation and used similar conditions of incubation (bath shaking speed and 1 h of incubation). In the present study addition of 1 mM palmitate (palmitate:albumin ratio = 3.3) increased 5 mM glucose conversion into total lipid (FA + GG) by 124 + − 21 % (n = 18) and by 89 + − 15 % (n = 7) in the absence and presence of insulin respectively, whereas pooled data from three different experiments of [4] showed that addition of palmitate to a palmitate:albumin ratio of 2.4 (n = 5), 2.6 (n = 4) or 3.3 (n = 4) increased 5 mM glucose conversion into total lipid by 198 + − 24 % (n = 4) without insulin and by 92 + − 7 % (n = 13) with insulin. Increases in conversion of 5 mM glucose into total lipid due to addition of insulin were: this study, 164 + − 18 % (n = 7); study of [4] , 171 + − 25 % (n = 8).
We also compared percentage changes in net glucose utilization, either measured directly in the present study or from [4] as calculated from FA, GG and (lactate + pyruvate) data by Method 1 [eqn (1.8)]. Increases in 5 mM glucose utilization due to addition of palmitate in the presence of insulin were: this study, 60 + − 8 % (n = 7); study of [4] , 82 + − 4 % (n = 9). Increases in 5 mM glucose utilization due to the addition of insulin in the absence of palmitate were: this study, 162 + − 21 % (n = 7); study of [4] , 117 + − 21 % (n = 6). We also noted that glucose metabolism per incubation flask was similar between the studies under similar experimental conditions.
Metabolic relationships in adipocyte glucose metabolism based on the Method 2 equations
These are presented in Figures S10-S14. All values are calculated from Tables 3 and 4 of [4] which described experiments where rat adipocytes were incubated for 1 h with 5 % (w/v) BSA and additions of [U-14 C]glucose (either 1 mM alone or 5 mM + insulin), sodium palmitate or adrenaline as indicated in the figure legends. Each data point is the mean of five and four independent experiments with palmitate and adrenaline respectively. Figure S10 demonstrates the following. (i) Both palmitate and adrenaline substantially increased metabolism of glucosederived carbon through the TCA cycle. (ii) At 1 mM glucose in the absence of palmitate or adrenaline the cytosolic production of NADH slightly exceeded its utilization giving a small positive (F − U) value. Both palmitate and adrenaline drove (F − U) towards a negative value, i.e. net transfer of reducing equivalents from mitochondria to cytosol would have to occur. (iii) With 5 mM glucose + insulin the (F − U) value was always positive, i.e. net transfer of reducing equivalents from cytosol to mitochondria would occur. Both palmitate and adrenaline caused an increase in the (F − U) value at low concentrations and a decrease at higher concentrations. Figure S11 Figure S12 shows that both palmitate and adrenaline decreased the generation of NADH by PDH while increasing TCA cycle NADH generation. Steeper concentration dependencies of these effects were seen with 1 mM glucose than with 5 mM glucose + insulin.
The reduction of dihydroxyacetone phosphate to glycerol 3-phosphate that is used in the formation of GG requires cytosolic NADH. Figure S13 shows that the total utilization of cytosolic NADH was increased by both palmitate and adrenaline and that the increased usage of NADH for GG formation was accompanied by decreased usage for lactate formation and, indirectly, for FA synthesis. At 1 mM glucose the concentration dependences of cytosolic NADH usages for lactate and FA formation were very similar in response to palmitate ( Figure S13a ) and in response to adrenaline ( Figure S13c ). By contrast, at 5 mM glucose with insulin decreased usage of cytosolic NADH for lactate formation was seen at lower concentrations of palmitate or adrenaline than were needed to cause a decrease in NADH usage for FA synthesis (Figures S13b and S13d) . The observation in Figure S10 that palmitate and adrenaline cause the cytosolic NADH balance (F − U) to become negative at 1 mM glucose but not at 5 mM glucose with insulin is relevant in this regard. Presumably at 1 mM glucose cytosolic NADH is in shorter supply and has partially to be provided by transfer of reducing equivalents from mitochondria to the cytosol.
The provision of exogenous palmitate to adipocytes mimics the 'natural' routes of NEFA delivery to the cells; namely from exogenous sources via lipoprotein lipase and from endogenous TAG stores via lipolysis. In the discussion section of the paper, we consider the question of whether endogenous and exogenous NEFA would have identical metabolic effects. In consideration of this question we made the arbitrary plots shown in Figure S14 . These allowed data from experiments with palmitate and adrenaline to be normalized to each other in various ways. In all four plots the data for the palmitate and the adrenaline experiments closely superimposed upon each other. In three instances (Figures S14a-S14c) the profiles with 1 mM glucose were very distinct from those with 5 mM glucose + insulin but in Figure S14 (d) all of the data appeared to fall on the same curve. We suggest that this normalization approach supports the notion that the effects upon glucose metabolism of exogenous and endogenous NEFA cannot be distinguished from each other. Figure S14 Proteins in cell lysates used for AMPK activity measurements were separated by SDS/PAGE in 4-20 % Bis-Tris gels and then transferred to PVDF membranes. These were probed with phospho-(Ser/Thr) Akt substrate antibody [PAS (periodate-Schiff) antibody] followed by detection by chemiluminescence using horseradish-conjugated secondary antinody. The blots were then stripped at 50
• C for 30 min in 62.5 mM Tris/HCl buffer (pH 6.8) containing mercaptoethanol (0.8 %, w/v) and SDS (2 %, w/v, followed by re-probing with primary antibody against total AS160 protein. Primary and secondary antibodies (from Cell Signaling Technology) were used at a 1:1000 dilution in 20 mM Tris/HCl buffer (pH 7.6) containing 137 mM NaCl, BSA (50 mg/ml) and Tween-20 (0.1 %, v/v). Phospho-AS160 measurements were normalized against measurements of total AS160 protein and then expressed as percentages of the values in the absence of palmitate. n.s. indicates P > 0.05 for the effect of palmitate (n = 4).
particularly accentuated the fact that at 1 mM glucose glycolytic ATP was not able to make much contribution to the extra ATP presumably because of the diversion of much of the increased entry of glucose to GG formation. This supports the supposition in the introduction to the paper that glucose transport at 1 mM glucose availability has greater control strength over glucose metabolism than at 5 mM glucose with insulin also present. 
